ABSTRACT
INTRODUCTION

27
Atmospheric aerosols contribute to radiative forcing either directly by absorbing and scattering light or indirectly by 
35
Unlike BC, whose light absorption properties are relatively constant across sources (Bond et al., 2013) , BrC is 36 composed of a wide range of largely unknown compounds, which exhibit highly variable spectral dependence and 37 absorption efficiencies. For example, reported imaginary indices of refraction for different organic species, which 38 describe the absorption of these compounds, span two orders of magnitude (Lu et al., 2015) . Because it is 39 impractical to experimentally separate BrC from non-absorbing OA, optical properties are typically determined for 40 the bulk OA of a given source. The large variability of BrC fraction in combustion aerosol may contribute to the 41 wide variation in reported properties of BrC containing OA.
times deuterated butanol sample (butanol-D9, 98%, Cambridge Isotope Laboratories) was subsequently injected 85 into the chamber. The decay of butanol-D9 was used to infer the time-resolved OH exposure of the sampled aerosol 86 (Barmet et al., 2012) . The chamber was exposed to UV lights for ~3.5 hours.
87
Particles were collected onto filters (47 mm Tissue-quartz, Pall Corporation, 26 L min -1 for 30-32 min) for offline 88 optical measurements and the determination of elemental carbon (EC) mass. Three filters were collected during each 89 experiment, namely i) a primary aerosol filter sample ("primary"), ii) a slightly aged aerosol ("Aged1", OH
90
exposure ~ 1x10 7 molecules cm -3 h), collected 30 minutes after the UV lights were switched on, and iii) an aged 91 aerosol ("Aged2", OH exposure ~ 4x10 7 molecules cm -3 h), collected at the end of the experiment (see Fig. S1 for 92 the sampling periods). A charcoal denuder was installed upstream of the filter sampler to remove organic gases.
93
Filters were stored at 253K until analysis.
94
In addition to the characterization of the particle optical properties detailed in the next section, a set of online and 95 offline techniques were used for the characterization of the gaseous and particulate emissions before and after aging.
96
The non-refractory particle size-segregated chemical composition was measured with a high resolution (HR) time- collection efficiency of wood-combustion OA is expected to be unity (Corbin et al., 2015b) . Details related to the 101 AMS data analysis and calibration can be found elsewhere (Bruns et al., 2015 (Bruns et al., , 2016 . A scanning mobility particle
102
sizer was used to measure the size distribution of the evolving aerosol. Organic gases were monitored by a proton 
114
The loading compensated b ATN was used to infer the aerosol absorption coefficient, b abs , using a constant wavelength 115 independent correction factor C, which accounts for multiple scattering within the filter matrix (Weingartner et al., 
118
As discussed in detail by Corbin et al. (2018) , the wavelength-dependence of C can be expected to be negligible.
119
The loading compensated b ATN at 880 nm from the AE33 is further used to infer the equivalent-BC mass 
122
where ATN is the mass attenuation cross-section of BC deposited on the filter of the AE33. M eBC inferred from Eq.
123
(2) only equals the true BC mass concentration, BC , if the applied ATN is identical to the true attenuation cross- analyzer (see Fig. 1A&B and Section 4.1 for detailed discussion). Following this procedure, the MWAA and Sunset
137
analyser will be defined as reference methods for absorption coefficient and EC mass concentration, respectively.
138
Note that data from these reference methods were only available with low time resolution and for a subset of all 139 samples. Thus, the aethalometer anchored against these reference methods, was used to obtain the wavelength 140 dependent absorption coefficients and the eBC mass concentrations with high time resolution using Eq. (1) and (2) 
164
where l is the optical path length.
165
The absorbance measurements are aimed at inferring the imaginary part of the refractive index. 
237
Definition of the absorption Ångström exponent . The wavelength dependence of the overall absorption due to 238 both BC and BrC has often been described assuming a power law:
where α is the Ångström absorption exponent, often determined by fitting the absorption coefficient measurements 
268
In Eq. (12), the summation now only goes over the n-1 organic species, which contribute to light absorption.
269
The fresh combustion aerosol exclusively contains BC and POA as absorbing species. 
308
SOA was obtained as total organic minus POA mass concentration:
310
The POA mass concentration in the aged aerosol can be inferred from the initial OA mass concentration in the fresh 311 emissions by accounting for the wall losses using Eq. (S1) and the wall loss time constant (see Section Wall loss 312 corrections in the SI): 
343
Assuming spherical particles and neglecting the presence of BC in these particles may seem inappropriate. However,
344
calculations considering BC and assuming core-shell morphology revealed (1) limited sensitivity of the resulting
345
MAC OA to this assumption and (2) a higher than measured lensing effect. Therefore, a substantial fraction of the OA 346 seems to be externally mixed and to dominate the measured size distribution (see also Section 4.1). 
358
not vary with aging during our study (see also Fig. S2-a) . It also indicates that measurement artefacts for both 359 instruments were negligible, as the fundamental differences between the two techniques mean that any artefacts are 360 unlikely to be similar between them (charring for EC vs. adsorption artefacts for MWAA). Our absorption 361 coefficient measurements also provide insights into particle mixing state in this study. Since a single MAC 362 adequately described our samples at all levels of aging ( Fig. 1A and Fig. S2-a) , in spite of a factor of 3.3 average 363 increase in the aerosol mass, our samples cannot be adequately described by a core-shell Mie model. Such a core-
364
shell model would predict an absorption enhancement by a factor of ~1.8 (Bond et al., 2006) for the observed OA 365 mass increase with aging, which was not observed in our case. This observation is also supported by the time
366
resolved attenuation measurements at 880 nm using the aethalometer (Fig. S3) , suggesting that little (<10%) to no 367 increase in the attenuation coefficients upon SOA formation. We emphasize that this conclusion does not indicate 368 that no internal mixing occurred, but rather that the simplified concept of negligible mixing better describes our data 369 than the equally simplified concept of a core-shell description of coatings that completely envelop the central BC
370
core. This may be due to the complex morphology of internally-mixed BC, which has been previously observed for 
375
regions of the stove, particularly during simulated real-world usage. As lensing effect was negligible in our case, we 376 have assumed that the aerosol optically behaves as an external mix between BC and BrC during Mie calculation (see 377 section 3.4). We note that while this assumption is important for estimating the BC absorption, the conclusion drawn 378 about the BrC absorption are not very sensitive to the assumed morphology.
379
We determined time-resolved wavelength-dependent absorption coefficients as follows. We used the aethalometer to
380
obtain filter attenuation coefficients with high time resolution, which were then calibrated to obtain absorption 381 coefficients by deriving the factor C (Eq. (1)) using the MWAA measurements of filter samples. C was obtained
382
from an uncertainty-weighted linear least-squares fit as 3.0 ± 0.2 (Fig. 1B) ; the intercept of the fit was not 383 significantly different from zero, within two standard deviations (-17 ± 14). A very strong correlation could be 384 observed between MWAA and aethalometer (Fig. 1B) , implying that C is independent of the type of the aerosol 385 sampled (see also Fig. S2-B) . Therefore, we used a single C value to obtain time-resolved wavelength-dependent 386 absorption coefficients from the aethalometer attenuation measurements at the different wavelengths for primary and 387 aged aerosols.
388
Note that the manufacturer's default values, which were not applied in our case, are 1.57 for C (using 
397
In this section we derive the wavelength dependent mass absorption cross-sections for BC, POA and SOA. In Fig. 2, 
398
we display the evolution of (370 , 880 ) as a function of OH exposure. Fig. 3 
412
Evolution of α with aging. Fig. 3B shows that upon aging, the OA fraction rapidly increased (a typical time series
413
of raw data is shown in Fig. S1 
444
Uncertainties and variability in MAC BC , MAC POA and MAC SOA .
445 Table 1 log-log space, as shown in Fig. 4 (Fig. S8 shows the same data plotted on a linear scale). This indicates that a power- Table S1 ). 
470
Evolution of MAC OA with aging. In Fig. 5 , we examine whether the absorption profile of SOA evolved with aging.
471
A change in MAC SOA (370nm) or SOA with increasing OH exposure may indicate either a change in the mass- (Table 1) . We performed all the calculations and comparisons at λ = 370 nm, as the signal to noise ratio of the 
497
suggesting a variable extraction efficiency in the case of water, which we also attribute to variability in the OA
498
composition.
499
The data in Fig. 6B show that the methanol extracts correspond to a MAC about 50% smaller than the online data.
500
The scatter in the data is significantly reduced for the aged data (note that, in this analysis, aged OA refers to the 501 sum of POA and SOA, since the reported values represent all OA after aging). This reduced scatter is expected,
502
considering that aging is likely to result in more-spherical particles. We have assumed particle sphericity when 503 interpreting the SMPS data and performing the Mie analysis. While the propagation of quantifiable uncertainties 504 leads to an error estimate of ~25%, considering the simplifiations that were necessary for the Mie analysis, we 505 consider a 50% closure to be an adequate agreement. Despite this, we cannot exclude additional methanol insoluble 506 brown carbon. Conversely, the fit in Fig. 6A indicates that the apparent MAC of water-soluble species was a fourth 507 of the respective methanol MAC, according to the slope of only 12 ± 3%. Only the aged data have been fit to 508 illustrate this point. This strong disagreement shows that the BrC in our samples was hardly water soluble, even for 509 the most aged samples. As we expect that the majority of OA in our samples formed by wood pyrolysis (Di Blasi, 
513
showed that SOA precursors during these experiments were predominantly aromatic compounds. 
523
This result is consistent with the smaller MAC of SOA compared to POA obtained from online measurements 524 (Table 1) 
546
The contributions of the different components as a function of OH exposure were calculated by assuming that SOA 547 production follows the first order decay of its precursors, i.e., the reaction with OH. Under this assumption, the time- calculations, we have estimated the wall losses using two approaches as described in the SI.
555
The SOAP,WLC ⁄ POA,WLC was on average equal to 7.8 (GSD = 1.4) and OH was estimated as 2. ) at which the experiments have been conducted (Bruns et al. 2016 ).
563
Combining these calculated enhancements with the average contributions of POA in primary emissions, the 564 evolution of f OA with aging was determined and is shown in Fig. 8B . The uncertainties in Fig. 8B 
582
BC and OA have a similar size distribution).
583
We also note that OA ( exp ) depends on the photon flux, S(λ), but we consider this dependence to be trivial 584 compared to the variability in the aerosol emissions and their light absorbing properties (error bars considering these 585 variabilities are shown in Fig. 8D 
